Many interactive learning environments (ILEs) offer on-demand help
With the rapid development of new technologies, interactive learning environments (ILEs) have become widespread and are beginning to have a profound influence on the daily practice of education (Dillon & Gabbard, 1998; Koedinger, Anderson, Hadley, & Mark, 1997) . Different types of ILEs offer different types of support to learners. Almost without exception, ILEs provide on-demand help, ranging from context-specific hints (Anderson, Corbett, Koedinger, & Pelletier, 1995) to specially designed hyperlinked background material (Slotta & Linn, 2000) , hyperlinked textbooks (Hofer, Niegemann, Eckert, & Rinn, 1996) , and online glossaries (Aleven & Koedinger, 2000; Gräsel, Fischer, & Mandl, 2001; Shute & Gluck, 1996) . At first blush, these help facilities would seem to be important assets for learners who try to master a new set of skills or subject matter. The proficient use of help facilities would seem to be an important factor determining learning outcomes among individuals working with these environments. However, an increasing number of studies provide evidence that learners often do not use help functions very effectively or even ignore them totally (Aleven & Koedinger, 2000; du Boulay, Luckin, & del Soldato, 1999; Gräsel, et al, 2001; Hofer et. al., 1996; Renkl, 2002; Wood & Wood, 1999) . Thus, there is a danger that ILEs will not live up to their potential unless we can find ways to help learners take better advantage of the help facilities offered by these systems. Further, considering that help seeking is an important metacognitive skill (Nelson-LeGall, 1981; Newman, 1994) that is likely to influence learning in a great many situations and domains, ILEs will be all the more valuable if we find ways of designing them so that they help students to become better help seekers (Aleven & Koedinger, 2001; Gräsel, et al., 2001) .
In addition to having great practical impact, the topic of help seeking in ILEs is interesting from a theoretical point of view. Help seeking is a manifestation of self-regulated behavior. Many authors have taken the viewpoint that rather than being an activity signaling and promoting the dependence of the learner, help seeking is an important strategy and can be instrumental in the development of independent skill and ability (Ames, 1983; Nelson-LeGall, 1981; Newman, 1994) . It is likely that learners' help-seeking behavior reflects their metacognitive and domain-specific skills and knowledge (Newman, 1994 (Newman, , 1998a Puustinen, 1998; Wood & Wood, 1999) . It can be assumed also that learners' help-seeking behavior reflects their attitudes about learning, their achievement goals (Arbreton, 1998; Newman, 1998a; Ryan & Pintrich, 1997) , and their epistemological beliefs. However, not all ways of seeking help are (equally) conducive to learning. It is therefore important to study how the more productive and less productive forms of help seeking can be distinguished, what factors lead to productive help seeking, and how help seeking is related to the development of independent skill and ability. There is a significant body of literature that has looked at these questions from a variety of different angles. To a great extent, that literature has focused on help seeking in classrooms or other "regular" learning or social environments. Help seeking in ILEs has not received the same amount of attention, although recently interest in the topic has increased. As we argue further below, there is reason to be cautious in extrapolating results obtained in social contexts to ILEs. One of the main points of the current review is that help seeking in ILEs deserves to be its own field of study.
In this article, we look for reasons for ineffective help-seeking behavior from psychological perspectives. We do so by a selective analysis of the literature. We first present a number of theoretical perspectives on the role of help in ILEs that have been put forward by designers of ILEs. Then we review empirical evidence for the claim that help systems in ILEs often are not used appropriately, followed by evidence that on-demand help is helpful when used appropriately. Further, we look at empirical studies that have examined how various features of help content and the help system influence help seeking and learning. We do the same for a number of learner-related factors, such as prior knowledge, metacognitive skill, gender, and cognitive development. In a separate section, we discuss the effects of achievement orientation, a factor that has not been studied much in the context of ILEs, and epistemological beliefs, a factor whose influence on help seeking has not received much attention at all, even outside of the context of ILEs. Finally, we formulate several conclusions and identify the most pressing open research questions.
In selecting literature for discussion, we have tried to be comprehensive with respect to empirical studies of help seeking and help design in ILEs, the main focus of the article. On the other hand, we have been selective with respect to literature that is mainly theoretical or focuses on help seeking outside of the context of ILEs. The inclusion criteria are briefly stated in the relevant sections.
Role of On-Demand Help in Interactive Learning Environments
Before looking at empirical studies of help seeking, we review the role of help systems in ILEs from a theoretical perspective. First, we clarify what we mean by "ILE" and by "help." Next, we review a model of the process of help seeking in social contexts (e.g., classrooms) that has been put forward by social psychologists. Guided by this model, we discuss how help seeking in ILEs may be different from help seeking in the settings in which it has been studied more extensively, such as classroom contexts. We compare and contrast four major theoretical frameworks and identify a number of theoretical concepts that appear useful but have not been addressed by these frameworks. Further, we describe ways in which the designers of different types of ILEs have thought about the role of help. Finally, we briefly consider research on teaching as it relates to help seeking in ILEs.
Overview and Definition of Terms
By interactive learning environments (ILEs), we mean computer-based instructional systems that offer a task environment and provide support to help novices learn skills or concepts involved in that task. This support may be in the form of hints and feedback, opportunities for reflection, or simply by making available a space of linked information (e.g., hypertext pages) that is likely to be relevant to the learner. ILEs are used in a broad spectrum of domains and for different learning tasks from vocabulary training to the acquisition of complex skills. Accordingly, we define learning loosely as cognitive activities in which the processing of new information results in the acquisition of new skills or knowledge. In the studies discussed in this review, the learning gains afforded by instructional treatments are typically measured by means of pretests and posttests that focus on domain-specific skills and knowledge. These tests usually include items similar to the ones that the learners encountered during their work with the ILE and may also contain transfer items aimed at measuring how well the learner is able to apply what was learned in a slightly unfamiliar context.
The current review concentrates on ILEs that are designed to support individual learning. We recognize that learning environments that offer opportunities for collaborative learning are widespread and important from a theoretical standpoint. However, it makes sense to consider the two types of ILEs separately when studying help seeking. In particular, help seeking in collaborative learning environments is likely to be influenced by social factors that are much less influential when learning activities are carried out individually.
On-Demand Help in Interactive Learning Environments
In general, different ILEs offer many different types of support to learners; however, almost without exception, they offer on-demand help. By on-demand help we mean information actively solicited by the learner and provided by the system, for the purpose of helping learners learn better with the ILE. Thus, we focus on help functions designed to support learning, not task performance per se. As discussed later in this review, help aimed at supporting task performance does not always lead to better learning, and vice versa. Some of the most prominent types of ILEs are described next.
Intelligent tutoring systems (ITSs) provide individualized instruction, typically assistance in the context of learning by doing (Corbett, Koedinger, & Anderson, 1997; Shute & Psotka, 1996; Wenger, 1987) . ITSs rely on techniques from artificial intelligence and cognitive science to model student knowledge and pedagogical knowledge. Using their models, they follow learners in their individual approach through a problem, providing context-sensitive hints and feedback not just on learners' final solutions but on their intermediate steps as well.
Computer-assisted instruction (CAI) systems also provide support for learners as they work through problems on the computer (Eberts, 1997; Gibbons & Fairweather, 1998; Larkin & Chabay, 1992) . However, they provide mostly feedback on answers, often in the form of explanations of why the answer is the way it is and why wrong answers are wrong. CAI systems work by prestoring sets of answers (right or wrong) and the associated feedback messages, with little or no attempt to individualize feedback for particular students.
Educational hypermedia systems provide a cross-linked information space (typically, Web-based) that learners can explore in order to gather information about a topic or to accomplish a given task such as writing an essay (Dillon & Gabbard, 1998; Quentin-Baxter, 2000) . Adaptive hypermedia dynamically adapt the presentation of the information space to the characteristics of the individual learner, by filtering and ordering links as they are displayed on the page and also by tailoring the content of the documents in the information space (Brusilovsky, 2001; De Bra, Brusilovsky, & Houben, 1999) .
Project or problem-oriented learning environments are often inspired by situated learning approaches and use technology to create authentic contexts in classrooms (Cognition and Technology Group at Vanderbilt, 1997; Jacobson & Archodidou, 2000; Slotta & Linn, 2000) . Such authentic problems are often highly complex from the learners' perspective and are designed to stimulate learners to seek, actively and systematically, knowledge that could help in finding a solution to the problem. The role of help functions in such a system is to provide systematic background information together with hints about how this knowledge can be applied to the problem at hand.
The different types of ILEs vary greatly in the amount and content of help that they provide, as well as the proportion of system-initiated and learner-initiated help. Further, they differ greatly in the extent to which the help they provide is "context sensitive," meaning that it is adapted to the task at hand, the state of problem solving, or the characteristics of the learner. Often, these differences reflect the underlying pedagogical approach of the systems and the learning goals they are designed to support. As a rough generalization, ITSs and CAI systems tend to provide context-sensitive hints in order to help students learn a complex cognitive skill "by doing." On the other hand, the help functions of educational hypermedia systems or problem-oriented learning environments tend to provide rich and systematic background knowledge in order to help learners acquire a better conceptual understanding of a domain, often in the context of a realistic problem scenario.
A Model of the Help-Seeking Process
Before looking at theoretical frameworks of help in ILEs, we review a model of the process of help seeking in social contexts, such as classrooms. This model was put forward by researchers focusing on help seeking outside the context of ILEs, well before most of the studies on help seeking in ILEs were published. In our literature search, we have not found a general model for help seeking in ILEs, although Aleven and Koedinger (2001) sketch a model that is specific to one particular ILE (the Geometry Cognitive Tutor).
The model we discuss provides a Vygotskian framework to understand help seeking (e.g., Nelson-LeGall, 1981; Newman, 1994; Puustinen, 1998) . It is essentially a task analysis of the help-seeking process, and it comprises the following steps:
1. Become aware of need for help. 2. Decide to seek help. 3. Identify potential helper(s). 4. Use strategies to elicit help. 5. Evaluate help-seeking episode.
This model was originally presented by Nelson-LeGall (1981) and later elaborated by Newman (1994; see also Ryan, Pintrich, & Midgley, 2001 ). In this model, a learner first must become aware that the task is difficult or that she or he is stuck and in need of help, which may not be straightforward. The ability to assess task difficulty, monitor task progress, and evaluate one's own comprehension and knowledge are major metacognitive functions (Nelson LeGall, 1981; Newman, 1998a) . In the next step, learners must consider all available information and decide whether to seek help. Puustinen (1998) assumed that efficient self-regulated learners first question themselves, seeking the right answer or solution to the task at hand before deciding to ask for help. This stage is a critical junction in the help-seeking process (Ryan & Pintrich, 1998) . Many of the learner-related factors discussed in this overview have an effect on this decision. For example, learners may not ask for help out of fear that they will receive less credit for a successful outcome (Nelson-LeGall, 1981) or that the teacher or their peers will view them as incompetent (Nelson-LeGall, 1981; Ryan et al., 2001) .
Once the decision has been made to ask for help, a suitable helper must be found. In classroom contexts, the teacher or a peer might serve this role. The criteria for selecting the helper appear to differ with the age of the learner and may include the perceived competence of the helper and his or her expected sensitivity to the needs of the learner (Nelson-LeGall, 1981) . In the next step, the request for help must be expressed in a suitable way. This step is influenced by students' knowledge and skills of discourse (Newman, 1998a) ; the request must match the task demands. When students have received help, they must decide to what degree the help is useful and addresses their difficulties. If it does not help them, they must request further help, or they may even need to identify a new helper. In this last
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Although Nelson-LeGall's (1981) model addresses help seeking in social contexts, the same steps seem to apply to help seeking in ILEs. However, each step may take on a somewhat different character when we consider help seeking in ILEs:
1. Become aware of need for help. By giving feedback, the ILE may lessen the need for accurate self-monitoring. 2. Decide to seek help. Certain obstacles to deciding to use help may not come into play in the context of help seeking with an ILE, for example, fear of not getting credit for task completion or fear of being seen as incompetent. Other factors may come into play. For example, some ILEs levy a certain cost for using help, such as estimates of skill mastery decreasing, which may deter learners from using the ILE's help functions unnecessarily but may at times have the unintended consequence of deterring potentially productive help use as well.
Identify potential helper(s).
In ILEs, students may have more choices of helpers than in a social context. Even when help functions are built into the ILE, the learners may still have the choice of asking the teacher for help, consulting fellow students, looking things up in the textbook, or using the builtin help functions. In addition, the ILE may have more than one kind of help, for example, a glossary and a hint system. 4. Use strategies to elicit help. Typically, when using an ILE the learner has less latitude and flexibility in expressing a help request than in other settings. Further, there tends to be less interaction between the helper and the learner. Using an ILE, the learner can sometimes frame a query in natural language, but the system is not as well equipped as many human helpers to handle a range of help requests. Further, in help systems that do not provide contextsensitive information (i.e., information that is tailored to the task at hand), the learner may have considerably more work to do in order to find relevant information and judge its applicability to the problem at hand. On the other hand, the help content that ILEs offer, especially when it is context sensitive, may be of higher quality than that offered by peer helpers, for example, who sometimes do little more than type in the correct answer without further explanation. 5. Evaluate help-seeking episode. The potential of ILEs to provide timely feedback on learners' problem-solving activities, one of the most useful features of ILEs, may reduce students' motivation to reflect on or evaluate their own help-seeking behavior. The feedback offered by the ILE may make it readily clear to learners whether they can proceed with the task at hand after a help episode. To the degree that many ILEs put more emphasis on this kind of immediate feedback as compared to other kinds of help providers, they might contribute to a tendency of the learner to process the help episode rather superficially.
Given these differences, it should not automatically be assumed that empirical findings on help seeking in social or classroom contexts carry over to help seeking in ILEs. Help seeking in ILEs is an interesting field of study in its own right that, in our opinion, deserves more attention than it has received so far.
Theoretical Perspectives
Given the many obstacles that face a learner who must rely on on-demand help, described in the previous section, why do ILEs provide on-demand help at all? Would learners not be better off if help provision was largely or completely under system control? Several developers of ILEs have presented theories or principles that address the role of help in ILEs in the context of a system's larger set of functions designed to support learners. We review a number of important approaches, essentially in chronological order. We do not claim to be exhaustive. We have selected frameworks that in our opinion are well developed and insightful, are linked to important lines of research, and that as a group cover a variety of viewpoints. While there are no deliberate omissions, it seems likely that one might find additional commentary in the literature on the role of help seeking in ILEs.
Help from the perspective of cognitive skill acquisition. Anderson (1993) discusses the use of help in Cognitive Tutors, a particular type of intelligent tutoring systems, from the perspective of skill acquisition. Under his ACT-R (Atomic Components of Thought-Rational) theory of cognition and learning, a complex skill can be decomposed into smaller units called production rules. These production rules are learned from examples and applied later by analogy. Finally, they become automated through practice.
Cognitive Tutors use a production rule model of the skill targeted in the instruction to guide students as they work through problems. Several such tutors have been built, of which the Algebra Cognitive Tutor is the most successful. A number of evaluation studies have shown that the curriculum of which this tutor is an integrated part leads to better learning than typical classroom instruction, measured both by standardized test and tests focused on the use of representations and problem solving (Koedinger, Anderson, Hadley, & Mark, 1997) . The Algebra Cognitive Tutor is currently in use in 1,200 schools nationwide.
According to Anderson, the help in such tutors should be instrumental in turning a problem for which the student has insufficient knowledge into an example from which the student can learn a new production rule by analogy. In order to use a problem in this way, the student must come to the correct solution and must understand why it is correct, preferably by constructing an explanation with guidance (but no more than necessary) from the system's help messages (Anderson, 1993, p. 241) . Typically, Cognitive Tutors offer multiple levels of help messages. The first message typically states the problem-solving goal to which a rule contributes. Later levels typically draw attention to important features of the problemsolving context, and the final message (often referred to as the "bottom-out hint") specifies the action to be taken. Although Cognitive Tutors frequently provide error feedback messages, most of the help is given on demand only. The learner controls the level of help.
Providing multiple levels of help and putting help under student control may well be an imperfect solution, but nonetheless it has a number of advantages (Anderson, 1993) . When a student makes an error, it is difficult for the system to distinguish among errors caused by slips, missing knowledge, or misconceptions, each of which would require different help or perhaps even no help at all. By putting help under student control, the system gives the student an opportunity to fix slips or superficial misunderstandings without having to process elaborate explanations presented by the system. Giving students control over the level of help may also have the advantage that students produce their own explanations of correct responses, which is likely to improve retention (Anderson, 1999, chap. 6 ). On the downside, there is nothing to prevent students from trying to guess the answer when they should be using help or to use help in ways that are not conducive to learning, as discussed further below.
Help from a tutoring perspective. Wood and Wood's (1999) theory of contingent tutoring is based on empirical investigations of human tutors as they help learners perform a task they are unable to perform independently. The principle is that the help given by the tutor must be contingent upon the learner's needs. When the learner is in trouble (i.e., cannot complete a problem-solving step independently), the tutor provides help. If the help is not effective, the tutor gives progressively more detailed and more explicit help until the learner is able to complete the step. If the help does not have the desired effect, the tutor demonstrates the step. On the other hand, when the learner is successful, the tutor reduces the level of help. In this way, both the learner and the tutor contribute to creating an interaction that is contingent upon the learner's needs.
In implementing a computer tutor that is capable of participating in such contingent interactions, one faces the difficulty that computer tutors have far less information about the learner's likely state of mind than human tutors, who can much more easily pick up on many verbal and nonverbal cues. It is therefore difficult for a computer tutor to judge when the learner is in trouble and would benefit from help. Providing help on demand only reduces the chance that the help provided is unnecessary or inappropriate. However, on-demand help does place demands on the learner. A particular disadvantage is that less able students are most likely to be disadvantaged (see Wood & Wood, 1999) . Wood and Wood developed a number of ILEs in order to investigate how students' help-seeking behavior with an ILE contributes to the contingent provision of help by the tutor and how it influences learning (Wood, 2001) . Their studies are discussed further below.
Wood and Wood note that the recommendations for help systems based on their theory of tutoring are quite consistent with those developed by Anderson (1993) based on a theory of learning (Wood, 2001; Wood & Wood, 1999) , and they call for further integration of the two theories. Both also note similar limitations of ondemand help. One subtle difference is that in contingent tutors, the tutor decides about the level of help, whereas in Cognitive Tutors, the learner makes this decision. It is unknown at present how this influences the effectiveness of help seeking in both types of systems.
A Vygotskian perspective on help. Luckin and du Boulay (1999) proposed a Vygotskian view of help and help seeking in ILEs. From their perspective, Vygotsky's zone of proximal development (ZPD) is an essential ingredient of any instructional situation. The ZPD covers those activities that are beyond the learner's independent capability but are within what she or he can do with assistance. Co-constructing the ZPD and targeting it requires a more able learning partner who provides appropriately challenging activities in combination with assistance. While Luckin and du do not discuss the role of proactive help seeking on the part of the learner, it might be interpreted as one of the ways in which the learner can help the more able learning partner in co-constructing the ZPD and providing appropriate assistance.
The role of the more able learning partner can be played by a teacher or peer, but also by a computer tutor. In developing systems that can play this role, the system developer faces questions such as: How can the ZPD of a given student at a given point in time be assessed? Along which dimensions should the system be able to vary the degree of challenge within an activity, and how can it select appropriately challenging activities for a given student, at a given point in time? Along which dimensions should the system be able to vary the level of assistance, and how can it provide the right level of assistance in a given instructional situation? At this point in time, one can only explore answers to such questions by means of experimentation. Luckin and du Boulay (1999) therefore developed three versions of the Ecolab system, an ITS for teaching food web ecology, each with slightly different ways of addressing questions such as those just offered. The results are discussed further below. Eventually, this kind of experimentation will lead to a set of design principles for developing tutors within the Vygotskian framework.
The goals of creating contingent interactions and of providing assistance within the ZPD appear rather similar. The framework presented by Luckin and du Boulay (1999) can be seen as broadening the contingent tutoring framework of Wood and Wood (1999) , as it is applied to a new and more extensive subject matter. Luckin and du Boulay consider a broader range of task selection strategies, a broader range of strategies for dividing the responsibility for controlling the level of hints, and concomitant issues of student modeling.
Help to complement self-explanations. (2002) formulated a set of principles to guide the design of ILEs whose goal is to leverage the complementary strengths of self-explanations and instructional explanations provided by the system. On the one hand, when learning from worked-out examples, one of the most effective learning strategies is to explain the rationale of the solution steps to oneself. However, it is difficult for learners to produce self-explanations of high quality. Instructional explanations, on the other hand, lead to lower learning gains than self-explanations (e.g., Brown & Kane, 1988; Chi, 1996; Stark, in press ). They cannot be adapted to the learners' prior knowledge, and it is difficult to provide them at the right time, just when they are needed. However, instructional explanations are usually correct, in contrast to self-explanations. Instructional explanations can help to solve comprehension problems and reduce illusions of understanding. Renkl (2002) developed the SEASITE principles (Self-Explanation Activity Supplemented by InsTructional Explanations), aimed at optimizing learning from instructional explanations and self-explanations. 
Discussion of Theoretical Perspectives
Thinking about how learners' interactions with ILEs relate to theories of learning or tutoring, a number of researchers have come to the conclusion that on-demand help is an important feature of ILEs, in addition to system-initiated feedback. There seems to be an expectation among these researchers that on-demand help is quite essential to ensuring that learners have smooth interactions with these systems and perhaps also that learners will obtain better results when they use the help facilities appropriately. The help given by the ILE should focus on communicating the principles of the domain (Renkl, 2002) or, in the context of ILEs that support the learning of a cognitive skill, on how the principles can be applied to solve problems (Anderson, 1993) . While all frameworks focus on multilevel (or progressive) help, they differ on whether the learner or the system should control the level of the help given. Given that the theoretical recommendations with respect to this issue diverge, there seem to be interesting opportunities for empirical work.
The proponents of all four theoretical frameworks seem to have considered designing systems so that they volunteer a considerable amount of help, as an alternative to (or in addition to) providing help at the student's request. However, none of them recommend this option. The common thread in the motivations offered for providing help mainly at the learner's request is that ILEs tend not to have enough information about the learner to make good judgments about when to volunteer help. ILEs do not have access to the verbal and nonverbal cues that skilled human tutors use to interpret whether a learner needs help (Wood & Wood, 1999) . When a learner makes an error, the system does not know the exact nature of the error or how best to remedy it (Anderson, 1993) . Further, placing help under the control of the learner is likely to improve the timing of the explanations so that they are received at a moment when they are most useful for constructing new knowledge (Renkl, 2002) .
Importantly, both Anderson (1993) and Wood and Wood (1999) emphasize that providing help on demand may be an imperfect solution. Anderson argues that a system could provide more helpful feedback after the student makes an error if it had more information about the nature of the student's difficulties. Wood and Wood point out that placing control over help in the students' hands puts demands on their ability to use help in an appropriate manner. Given what is known about help seeking in contexts other than ILEs, this requirement may be a significant obstacle to the effectiveness of learning with ILEs, especially (unfortunately) for less able students. It is important to note further that none of the theoretical frameworks address the question of how an ILE might help students become better help seekers. This topic was not taken up systematically by researchers involved in the development of ILEs until very recently, as discussed later in this article.
The theoretical perspectives on help seeking discussed in the literature do not involve certain psychological concepts that are likely to be useful for explaining or improving help-related activities. For example, help-seeking activities require additional cognitive effort by the learner. Such effort may increase cognitive load and consequently may sometimes reduce learning outcomes (Sweller, 1988 (Sweller, , 1999 . Applied to help seeking, the concept of cognitive load implies that even if the help might be useful, learning outcomes may be reduced because dealing with the task and simultaneously with help imposes too much cognitive load on learners. In addition, learners may sometimes refrain from seeking help in order to avoid cognitive overload.
There are multiple lines of conceptual and empirical research that might guide help design from a cognitive processing perspective. There are, for example, elaborated models for the design of text based on research on text comprehension (e.g., Kintsch, 1998) . These models may show ways to write help texts that are comprehensible in the context of the actual learning task performed in the ILE. Another line of cognition research with many implications for help design is that involving theories of multimedia learning (e.g., Mayer, 2001) . These theories explicate assumptions on how multiple codes (text, picture, and sound) are processed in different cognitive modes (visual, verbal) . From these assumptions, specific bottlenecks of the cognitive system can be identified and design rules for multimedia products can be formulated and tested with regard to their effects on knowledge acquisition. Mayer reported a series of design rules based on extensive experimental research. One of these rules suggests, for example, that explanations accompanying dynamic animations or simulations should be spoken rather than written because of possible overload of parts of the cognitive information-processing system in the latter case. More empirical work is needed, informed by these concepts from psychology that have so far been neglected in the design of help systems.
Help Seeking and Teaching
Given that the literature on teaching is vast and given that ILEs (within the limited domains in which they are used) take on some of the functions of a teacher's assistant, it may be surprising that none of the theoretical frameworks we have come across consider how studies of (human) teachers might inform the design of help functions of ILEs. One might expect that the literature on teaching contains much useful information in this regard. The reality, however, is that there is scant evidence in research on teaching that addresses the details of responding to individual student requests for help. In part, this absence of a solid knowledge base reflects the nature of classroom teaching, where teachers must attend to the class as a whole even while interacting with individual students. The complexities of teaching rarely allow for real-time, detailed, individual analysis of student cognition in the ways that might be designed into ILEs.
One body of research that has implications for help seeking is process/product research, which was carried out in the 1970s and 1980s. In this work, researchers investigated correlations between teacher behaviors and student achievement in an effort to understand the components of effective teaching. In a review of that research, Brophy and Good (1986) summarize the findings of dozens of studies about behaviors such as allowing wait time, asking questions of varying difficulty and complexity, selecting respondents, and reacting to correct and incorrect responses.
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Although none of the reviewed studies specifically addressed teacher responses to student requests for help, of interest here are the results on teacher responses to incorrect answers. Studies found positive correlations with student achievement when teachers gave negative feedback, indicating that the response was incorrect, followed by questions or clues to elicit a correct response. Brophy and Good continue:
Sometimes the feedback following an incorrect answer should include not only the correct answer but a more extended explanation of why the answer is correct or how it can be determined from the information given. Such extended explanation should be included in the feedback whenever the respondent (or others in the class) might not "get the point" from hearing the answer alone, as well as at times when a review or summary of part of the lesson is needed. (1986, p. 364) Keeping in mind that this research addresses responding to the student within a whole class setting, several points are worth noting. First, the studies on which these results are based are highly contextualized. Achievement level, subject matter, and grade level are some of the significant factors in these studies. Second, the prescriptions derived from process/product research leave much to the discretion of the teacher. The results do not detail the exact conditions under which the teacher should give extensive feedback, for example, but rather point to a correlation of that occasional behavior with positive student achievement. Although these results might provide general principles for the design of ILEs, they leave open the detailed questions addressed in the literature reviewed here. Finally, the program of process/product research had largely been abandoned by the 1990s: Causal connections were difficult to verify, and a new interest in a holistic approach to research on teaching spurred new programs of research (Shulman, 1986a) . Changing conceptions of teaching and learning moved the research focus to inquiry or problem-based learning in which the complexities of teacher and student behaviors are less amenable to the techniques of the process/product era (for a current review of the state of research on effects of teaching, see Floden, 2001 ). In short, although the parallel between teachers and ILEs exists, literature on teaching has typically not addressed behavior at a level that is useful for the design and implementation of ILEs.
To summarize, a number of important differences exist between help seeking in social contexts such as classrooms and help seeking with ILEs. These differences imply that help seeking with ILEs deserves to be its own field of study. A number of theoretical frameworks relate the design of ILEs and their help functions to theories of learning, development, or tutoring. The consensus among the proponents of these frameworks is that on-demand help is a useful feature, in addition to other forms of support that ILEs might provide learners, even if it is not ideal from a theoretical point of view. Some psychological concepts seem to have much to offer to improve existing help systems, such as research on cognitive load, reading comprehension, and multimedia design, yet they will not help overcome the limitations noted by Anderson and by Wood and Wood.
Help Use and Its Effect on Learning
Having discussed help from a theoretical perspective, let us now turn to empirical studies of help seeking and learning with ILEs. Surprisingly little empirical research exists on this topic. The studies that have been done show that help use is often far from ideal but also provide evidence of the potential effectiveness of ondemand help. We first discuss a number of studies that have documented ineffective help use. Then we turn to studies that document positive connections between help seeking and learning. The review in this section and the next is meant to be comprehensive. We discuss all empirical studies of help use and help design in ILEs that we have come across in our literature searches.
A series of studies on problem-oriented learning in the medical domain produced strong indications of inadequate use of help facilities by advanced medical students (Mandl, Gräsel, & Fischer, 2000) . This research involved a case-based ILE on anemia and related diseases with different kinds of help facilities, including a glossary with in-depth information on important medical concepts, a link to specific lectures with the necessary background knowledge, and advice generated by an automated expert diagnostician. Learners using this environment seemingly tried to solve diagnosis problems on their own. Analyses of think-aloud protocols revealed that students tended to ignore many of the failures and gaps they had clearly identified before. In addition, following the identification of failures and gaps, students gave justifications for their own strategy or solution far more often than they engaged in help-seeking activities (e.g., using the help system and the glossary offered by the system) to enhance their knowledge (Gräsel, Fischer, & Mandl, 2001) . Single case studies, however, indicated that some of the learners made frequent and seemingly appropriate use of the help facilities. As the studies did not focus on individual differences, the authors could not provide data to clarify the heterogeneous use of the help facilities documented in the case studies.
Even when students report that they find the help facilities offered by an ILE useful, they may still not use them very frequently. In a quasi-experimental study dealing with a learning environment for vocational primary education, Hofer et al. (1996) found that students tended to think more positively of the help offered by the system if it was related to the task to be performed. But even though the help was judged as useful, it was seldom used. In a second study, Hofer et al. investigated to what degree the help volunteered by the system was used. The system offered two types of help. In certain parts of the learning environment, hints were presented that enabled the learner to look at a specific part of a hyperlinked textbook. In other parts of the environment, the system provided feedback showing the student where a mistake occurred. The feedback was judged to be far more useful than the hyperlinks to the textbook. The hyperlinks were perceived to be quite informative but were rarely used. The authors did not elaborate on possible causes for their infrequent use. Aleven and Koedinger (2000) found clear evidence of ineffective help-seeking behavior with the Geometry Cognitive Tutor. As described above, this tutor provides context-sensitive hints on demand, which are specific to the problem and to the particular solution approach that the student has taken so far. For each step, up to eight levels of hints are available with increasingly specific advice. The next level is presented when the student repeats the request for a hint. In addition to on-demand hints, the system provides decontextualized help in the form of an on-line glossary that lists the relevant problem-solving principles (i.e., geometry theorems and definitions) and illustrates each with a short example. An analysis of students' helpseeking strategies revealed that students focused largely on the tutor's bottom-out hints (the last hint level), which come very close to giving away the right answer to the given step. They tended to spend little time with hints explaining why the answer is the way it is. Further, the students largely ignored the glossary when trying to find numerical answers to geometry problems. These help-seeking behaviors are not likely to be conducive to learning. In a different unit of the Geometry Cognitive Tutor, however, students did spend more time with the earlier hint levels (Aleven, 2001) . Also, in the Lisp Cognitive Tutor, students used on average 1.5 out of 3 hint levels (Anderson, personal communication) , suggesting that subtle differences in the hint sequences or other aspects of the domain or tutor may have been responsible. It is possible also that the age or related characteristics of the students made a difference. The study with the Geometry Cognitive Tutor involved high school students, whereas the Lisp Tutor was used primarily by college students.
The three studies discussed so far clearly document that learners tend not to make effective use of the help facilities offered by ILEs, but these studies offer no data on the possible effect on learning of ineffective help use. A few studies have addressed this question. We know of only two (related) studies that established a causal connection between the availability of help facilities in an ILE and better learning results. Both studies involved an ILE that supports self-explanation of examples. The goal of the first study, conducted by Renkl (2002) , was to test the SEASITE principles described earlier, which focus on leveraging the complementary strengths of self-explanations and instructional explanations provided by the system. Renkl compared learning results obtained with two versions of an ILE for the domain of probability calculations, one in which the system provided explanations at the student's request (instructional explanations) and another in which no such on-demand help was available. Learners in the experimental condition could request either a minimalistic explanation or an extensive explanation. The minimalistic explanations stated the domain principle involved in the given step, and the extensive explanations showed how the principle could be applied. The posttest contained items dealing with probability calculations that had structures similar to those encountered during training, as well as far transfer items that had different structures but involved the same probability principles. The learners in the experimental condition were significantly more successful on the posttest, especially on the far transfer problems. Thus, the study shows that providing ondemand help can lead to better learning in the context of example studying, in particular, help focused on the domain-specific principles underlying the examples.
A related study by Renkl (2002a, 2002b) provided further evidence for the effectiveness of on-demand help but showed also that the availability of such help sometimes interferes with productive learning processes. The experiment involved a similar computer-based learning environment, this time designed to help student teachers learn how to design and combine examples when preparing a mathematical lesson. The learning environment presented solved example problems that contained final solutions to problems but did not contain distinct solution steps, in contrast to the worked-out examples used in the study described above. The study examined the impact of prompts for self-explanations and the provision of instructional explanations in a 2 × 2 factorial design. The prompts asked learners to enter (via the keyboard) their thoughts about the learning topic. The learners were not able to continue with the program without providing some amount of elaboration. The instructional explanations were presented at the student's request, in audio format. After the audio presentation, the learner could request a written presentation as well. There was only one level of explanation, offering help to quite an elaborated extent.
After they had finished their work with the program, the students completed a posttest that contained several tasks related to the use of examples in a lesson plan. Of the four conditions, the self-explanation-only group (whose members were prompted to self-explain but could not request instructional explanations from the system) did best with respect to both the amount of elaboration activity during their work with the ILE and their learning outcomes. When prompts for self-explanations were combined with instructional explanations provided by the system, learners reduced their self-explanation activity (i.e., the amount of written elaboration), and their learning outcomes diminished. Evidently, having a correct explanation at hand reduced the students' efforts to provide explanations themselves, in response to the system's prompts. When there were no prompts for self-explanations, providing instructional explanations led to better learning outcomes. Thus, instructional explanations positively influence learning when students are not forced to split their attention between understanding an instructional explanation and trying to provide one for themselves. The study also found that prompting for selfexplanations fosters learning to a greater extent than provision of instructional explanations.
These results are consistent with the findings of Renkl (2002), discussed on p. 290. Both studies found that adding instructional explanations to a system that supports self-explanation helps learning. However, the second study refines the results of the first by showing that adding instructional explanations to a system that already prompts students to provide self-explanations is detrimental to learning, as it may reduce the amount of self-explanation. Both studies establish a causal connection between the provision of on-demand help and learning. In both studies, the availability of help was a factor in the experimental design, and learning outcomes were compared with and without the presence of this factor while keeping other factors of the learning environment constant. The study by Renkl (2002a, 2002b) showed further that providing on-demand help is not always effective: Adding on-demand help to a system that prompts students to self-explain examples leads to reduced self-explanation activity and reduced learning outcomes. This result underscores the need for empirical research on help seeking in ILEs.
A number of studies (including Renkl's) have probed how help seeking might mediate learning outcomes. These studies have tried to paint a more detailed picture of whether and how different patterns of help use are associated with different learning results. They provide evidence of correlations between help-seeking activity and learning outcomes.
In order to study the relationships among the students' prior knowledge, their use of the ILE, and their learning results, Renkl (2002) analyzed the data from the study mentioned above using a cluster analysis. This analysis yielded four clusters, which Renkl labeled successful rare users (i.e., users of instructional explanations provided on demand), unsuccessful rare users, successful users, and mediocre users. Successful rare users included learners who could rely on above-average prior knowledge. They rarely used instructional explanations, as they did not need them. Unsuccessful rare users showed slightly above-average prior knowledge but only under-average performance on the transfer items included in the posttest. Their infrequent use of instructional explanations seemed to be dysfunctional. Successful users had low prior knowledge, but their performance on transfer problems was almost average, and they had above-average learning gains. This group used a balance of minimalist and extended explanations. The mediocre users had average pretest and far transfer posttest scores. Although they used explanations at about the same rate as the successful users, they relied primarily on minimalistic explanations and requested extensive explanations infrequently. This analysis suggests that learners who do not have high prior knowledge have greater learning gains when they seek help more often, as evidenced by the contrast between the successful users, on the one hand, and the unsuccessful rare users and the mediocre users, on the other.
Renkl's analysis also shows that students who make balanced use of different types of explanations (i.e., request further detail as needed) tend to learn more than those who have a tendency to focus only on less detailed explanations.
Like Renkl, Wood and Wood (1999) found that students with lower prior knowledge learn more when they seek help more often. They studied relations among prior knowledge, help seeking, and learning using a computer-based learning environment for algebra called QUADRATIC. This ILE is based on the theory of contingent tutoring (see above), which adjusts the specificity of on-demand help according to the learner's performance. The study involved 42 learners 14 and 15 years of age, each of whom had two 30-50-minute sessions with QUADRATIC. The students' prior knowledge of algebra was measured using a variant of a standardized test. Their learning results were measured as the average score on a series of five repeated "probe tests" in which they were asked to expand the quadratic function (x + n) 2 . Wood and Wood found a positive partial correlation between the tendency to seek help and learning, after the effects of prior knowledge had been partialled out. The tendency to seek help was measured by the following ratio: number of help requests/(number of errors + number of help requests). This partial correlation was found only for students with low prior knowledge. The study by Wood and Wood is discussed in more detail in the section on prior knowledge below. Aleven and Koedinger (2001) tried to reproduce Wood and Wood's results using data obtained with the Geometry Cognitive Tutor. They found a trend in the same direction, but it was not significant. There were, however, a number of differences between the studies. In the study of Aleven and Koedinger, students worked with the ILE about six times as long as the subjects in the Wood and Wood study. Further, a number of differences existed between the help mechanisms used by the two systems, with respect to number of help levels, whether the student or the system controls the level of the help presented, and whether there is a cost to using help. Finally, the Geometry Cognitive Tutor selects problems on an individual basis, according to its assessment of the student's skill mastery. In QUADRATIC, the sequence of problems was fixed. More research is needed to verify how the details of help systems and task selection influence help seeking. Shute and Gluck (1996) studied relations between learners' use of optional tools in an ILE and (among others) learning outcome and efficiency. The learners worked with the Ohm tutor, which was designed to help them learn principles of electricity by solving problems involving electrical circuits. The system offers a reference dictionary as well as various tools for on-line experimentation with the circuit being studied. A pretest and posttest were designed to measure domainrelated declarative knowledge. In addition, the posttest included items that measured quantitative understanding and also included transfer items. There was a main effect of tool use on learning outcome but not on efficiency. Optional tool use is associated with better learning outcomes, without costing more time. Thus, making optional tools available appears to be beneficial, even if the system cannot guide students in using the tools. The authors identified four groups of users based on the frequency of early and later tool use. They found that the patterns are stable over time and that some patterns are better than others in terms of learning outcomes. Students who had high tool use initially followed by low tool use later on fared best. Students who did not use the tools much early on but used them more frequently later fared the worst. Stable tool users had average results, with a slight advantage for those who used the tools frequently both early on and later.
To summarize, the studies discussed above show quite convincingly that effective use of the help facilities of ILEs is rare. They also provide evidence that ondemand help in an ILE leads to better learning. The studies by Renkl (2002) and Renkl (2002a, 2002b) show that providing on-demand help causes better learning. A different study found that more frequent help use is related to better learning for students with lower prior knowledge, without establishing a causal connection (Wood & Wood, 1999) . The study by Renkl (2002a, 2002b ) also uncovered a number of limitations on the effectiveness of providing on-demand help; doing so was not as effective as providing prompts for self-explanations. Moreover, on-demand help interfered with students' responses to such prompts, with a detrimental effect on learning. Additional studies are needed to establish more firmly the circumstances under which a causal relation exists between help seeking and learning and to establish both the value and the limitations of on-demand help for different types of ILEs, student populations, and subject matter.
System-Related Factors
If the use of on-demand help is a factor in determining learning results, what kind of help is most effective? A small number of studies have investigated what types of help work best under what circumstances or for what categories of learners. These "parametric studies" have compared learning results obtained with versions of the same ILE that differ only in some aspect of their help systems, for example, the content of the help messages. These studies have identified a number of relevant dimensions of help systems that make a difference with respect to learning outcomes. A number of the studies have found interactions with learner-related factors. We discuss the main findings on system-related factors in this section and discuss learner-related factors and interactions in the next section. We include a number of studies dealing with system-initiated feedback (i.e., messages volunteered by the system, usually in response to errors), since it is plausible that the results of these studies generalize to on-demand help. We discuss all relevant studies that we have come across in our literature searches. Dutke and Reimer (2000) investigated what kind of help content most effectively helps subjects learn how to use a graphics software package by means of task-based exploration. They distinguished between operative help (a list of steps that have to be taken to achieve a goal, such as "Click left mouse button") and function-oriented help (explanations about how a function works, for example, "With this tool you can create a filled circle"). Sixty computer novices, undergraduate students with a mean age of 24 years, participated in the study. The participants completed a series
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of drawing tasks with an experimental graphics software package that provided help on demand but had no other features designed specifically to support learning. All participants worked on a set of training tasks followed by a set of transfer tasks that were more difficult. Each subject worked with a version of the system that provided either operative help or functional help. During the training tasks the subjects could use the on-line help facilities freely, but during the transfer tasks they were no longer available. Dutke and Reimer measured performance as the number of commands the students needed to fulfill the task and the mean time per command. During training, the participants who received operative help needed fewer commands to complete the task than did the function-oriented group. Thus, operative help supports performance better than does function-oriented help. On the transfer tasks, however, which were more difficult and during which help could no longer be requested, the participants who had received function-oriented help did better. Therefore, in this case, function-oriented help supports learning better than does operative help. This study illustrates that some learning conditions enhance performance in transfer tasks, although they impair performance during training (van Merrienboer & De Crook, 1997) .
Whereas the previous study investigated the effect of varying the content of ondemand help, a number of studies have investigated the effect of varying the content of system-initiated feedback. In a series of studies, Arroyo and colleagues investigated the (short-term) influence of the level of abstraction of the feedback messages and the degree to which the feedback is given in an interactive manner (Arroyo, Beck, Beal, Wing, & Woolf, 2001; Arroyo, Beck, Woolf, Beal, & Schultz, 2000) . Her studies involved an ILE called Animalwatch, which deals with mathematical word problems related to endangered species of animals. Arroyo compared the effectiveness of system feedback with two different degrees of abstractness. Concrete hints made reference to concrete objects such as base-10 blocks and bars and made connections to real-life problems. Abstract hints used direct operations over numerals. The effectiveness of the hints was measured by analyzing the change in the number of errors immediately after receiving the hint (i.e., during the work with the ILE). The results showed a significant interaction between the abstraction level of the feedback and the students' level of cognitive development. Students high in cognitive development did better with more abstract hints, while students low in cognitive development did better with more concrete hints. This result suggests that the level of abstraction of help provided should be adapted to the learner's level of cognitive development.
In the same study, Arroyo et al. (2000 Arroyo et al. ( , 2001 investigated the effect of level of interactivity of hints, comparing on the one hand highly interactive multimedia presentations where the students were asked for several kinds of input (e.g., drag and drop or textbox input) and on the other hand short messages where the student did not have to provide much input (e.g., just a single number). They found that with respect to self-confidence and performance, boys benefited more from the shorter, less interactive hints. Surprisingly, their self-confidence declined when they worked with the more highly interactive version. The level of interactivity did not affect girls' self-confidence, but girls did do better when supported by more interactive help. The influence of gender is discussed further below.
In addition to abstraction level and degree of interactivity, the type of information presented as feedback can make a difference in students' learning results. McKendree (1990) investigated the impact of different kinds of feedback when learning geometric proofs with the Geometry Proof Tutor (Anderson et al., 1995) . (This tutor is a predecessor of the Geometry Cognitive Tutor mentioned above. It focuses on teaching proofs.) McKendree distinguished among minimal feedback, condition violation feedback, goal statements, and a combination of condition violation and goal feedback. Minimal feedback let the student know that she or he made an error but provided no further information. Condition violation feedback pointed out an unsatisfied condition of the geometry rule that the student had selected for use in the next proof step. (The unsatisfied conditions are reasons that the rule cannot be applied as intended.) Goal feedback stated the correct subgoal on which the student should focus. Combined feedback, finally, stated both the subgoal and an unsatisfied rule condition. McKendree's results showed that goal feedback leads to better learning outcomes than feedback about the occurrence of an error or its cause (i.e., an unsatisfied condition of a rule that the student had selected). Learners who received goal feedback were better able to transfer their knowledge to tasks where feedback was no longer provided. Further, the learners more often corrected their errors after goal feedback than they did after any other type of feedback. Thus, in geometry proof tutoring, reminding students of their current goals supported both performance and learning more effectively than pointing out rule conditions that are not satisfied.
Luckin and du conducted a study to find out how best to implement the Vygotskian framework outlined above. They compared three versions of their Ecolab ILE in order to get a sense of how the system could best extend students in their ZPD (Vygotsky, 1986) . These versions differed with respect to parameters related to the help facilities, namely, the number of help levels and the locus of control of the levels, as well as parameters related to the nature and content of the learners' task. Learning gains were measured by a written pretest and posttest as well as by a structured interview. The test and interview evaluated to what extent the children understood the relevant concepts of the Ecolab environment (e.g., food webs and food chains) as well as their awareness of what they had learned and their ability to transfer their knowledge to a different situation (i.e., an ecological environment different from Ecolab's). The results showed that the most consistent learning gains were made with the system version that exerted the greatest control along the dimensions mentioned above. However, this version was not optimal for all learners. For example, high-ability learners did better using the system version in which the control was shared (i.e., the system made suggestions but the learners were free to make their own choices). The users of the system version that exerted the most control took the greatest advantage of the system's help utilities. The users of the system version that offered students the most freedom basically ignored any offers for help (see also du Boulay et al., 1999) . Thus, the study shows that directing learners toward activities that are beyond their ability while providing suitable help fosters learning; for high-ability learners, it is better if the system suggests what to do next. Although we cannot attribute the differences in learning outcomes to the differences in the help systems only, it is interesting that the design of the help system influenced the learners' help-seeking behavior.
In sum, the literature identifies a number of system-related factors that influence the effectiveness of help and feedback. In the context of task-based exploration, function-oriented help leads to greater transfer than operative help, although at the expense of more training time (Dutke & Reimer, 2000) . Function-oriented help abstracts from the surface of the task to be done and thereby helps to initiate knowledge transfer. In this respect, it is similar to help focused on problem-solving principles, which was also shown to lead to transfer (Renkl, 2002) . These results seem to imply that help in ILEs should primarily be function oriented or principle oriented and that operative help should be given only as a last resort, as it is for example in the Geometry Cognitive Tutor (Aleven & Koedinger, 2000) . Other interesting system-related factors are the number of help levels and who controls the level (student or system).
Certain findings that relate to system-initiated feedback seem relevant also to on-demand help, such as whether the feedback messages include goal information, whether the feedback is stated in abstract or concrete terms, and the degree to which the feedback is interactive (e.g., requires the user to answer questions correctly). As we have seen, these variables interact with learner characteristics such as gender and stage of cognitive development.
Even though the studies discussed in the current section do not show that providing facilities for on-demand help in an ILE improves learning, as compared to not providing such facilities, the fact that a number of factors related to help systems lead to differential learning outcomes provides further evidence that help seeking is an important influence on learning, Overall, the base of empirical results on the effect of help systems in ILEs is still quite small. At this point, not enough is known to be able to construct comprehensive theories of learning with help systems or to formulate empirically based design principles that provide guidance to the designers of help systems.
Learner-Related Factors
In previous sections, we discussed how aspects of system design influence help seeking. In this section and the next, we look at the influence of learner-related factors. Our goal is not to provide a comprehensive survey about all potential factors. Rather, it is to show the importance of developing help systems in relation to the characteristics of the target group and to give examples of how this might be achieved. In this section, we discuss factors that have been studied in the context of ILEs: prior knowledge, metacognitive ability, cognitive development, and gender. We discuss all empirical studies that we have found that relate to help use and help design in ILEs. In the next section, we discuss factors that have not been researched within ILEs but are promising candidates: students' goal orientation and epistemological beliefs.
Prior Knowledge
Prior knowledge is one of the most important factors influencing student performance (e.g., Weinert, 1996) . It is a good predictor of learning and student success (Dochy & Segers, 1997; Glaser & De Corte, 1992) . Prior knowledge has an indirect effect on learning through student behavior and study skills (Dochy & Segers, 1997) . If one views learning as a process of integrating and structuring new information in existing knowledge structures, it seems clear that more developed prior knowledge provides a better basis for interpreting new material and for compensating for incoherence within this material (e.g., Kintsch, 1988 Kintsch, , 1998 .
With respect to help seeking, there are two domains of interest: effects of prior knowledge regarding the subject matter being learned and effects of prior knowledge regarding the ILE. We discuss each in turn.
Prior knowledge of the domain. As described in more detail earlier, Wood and Wood (1999) studied relations between prior knowledge and help seeking with a contingent tutoring system for algebra called QUADRATIC. Their results showed significant interactions among prior knowledge, the number of errors the students made, and their help-seeking tendencies. Overall, learners with less prior knowledge made more errors and sought help more frequently. They showed worse results in mastering and remembering the expansion of the quadratic function. Why is it that learners with less prior knowledge sought help more often and were provided with more specific help yet failed to show better results? Further analyses revealed that learners with higher prior knowledge exhibited more effective helpseeking behavior. Even though they made fewer errors than students with lower prior knowledge and were more likely to self-correct their errors, they were more likely to seek help after making errors. Learners with lower prior knowledge also fared better if they had a tendency to seek help after making an error. The authors concluded that students with lower prior knowledge apparently made less accurate judgments of their need for help.
Given the beneficial effect of prior knowledge on learning that has often been found, it may not be surprising that students with higher prior knowledge are better able to monitor and control their help-seeking behavior. On the other hand, prior knowledge can sometimes be detrimental to learning, as shown by a number of results in the field of comprehension monitoring. For example, learners with high prior knowledge may overestimate their understanding of learning material or may have a feeling of knowing when faced with a highly coherent text in a familiar domain. As a result of such overconfidence, they may process the text less deeply (Glenberg & Epstein, 1987; Kintsch, 1998) . Similarly, a study by Scardamalia and Bereiter (1992) on question-asking behavior showed that children with less prior knowledge asked more appropriate questions. Thus, one might predict that higher prior knowledge would be associated with less appropriate help-seeking behavior. When learners working with an ILE are confident that they have the knowledge to solve a problem, they may not be inclined to seek help and may persist in trying to find the solution on their own. They may also process any help that is given in a more superficial way. Up to now, it is not known whether such phenomena can be found in help-seeking behavior.
It is surprising that, in the study by Wood and Wood, the learners with higher prior knowledge were more likely to seek help after an error than learners with low prior knowledge. The members of the group with low prior knowledge made more errors and were less likely to self-correct, so from an objective point of view it is clear that they needed more help. Then why did they not ask for help more often after committing an error? For reasons such as these, the interaction between prior knowledge and help seeking seems to be more complex than may be apparent at first sight. In the following, we describe some studies that examine these interactions in more detail.
In subsequent work, Wood (2001) investigated two possible explanations for the seemingly less proficient help-seeking behavior of students with lower prior
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knowledge: These students may have weaker self-regulatory skills or they may only appear to be less adaptive help seekers than other students because they are faced with tasks that, given their low prior knowledge, are subjectively more difficult. Therefore, in the follow-up study, carried out with a contingent tutoring system called DATA, selection of problems was made contingent upon students' knowledge of the learning domain. Students took an on-line test prior to working with DATA. As they worked with DATA, they were offered tutoring in the classes of problems on which they had made errors. Under this "domain-contingent regime," there was no association between students' prior knowledge and any measures of the studenttutor interaction, such as probability of success, errors, or help seeking. In other words, the relation between prior knowledge and help seeking observed in the QUADRATIC study seems attributable to differences in problem difficulty, not in self-regulatory skills per se. If problems are too difficult, self-regulatory skills such as comprehension monitoring might break down more easily.
Further evidence for effects of prior knowledge on help seeking can be found in the work of Renkl (2002; see above). As mentioned, he compared two versions of an ILE for studying examples, one that offered on-demand help (minimalistic explanations and extensive explanations) and one without this help function. In order to identify patterns of help use and learning, Renkl analyzed the data using a cluster analysis, which yielded four types of users (as described in more detail earlier). Renkl's analysis suggests that all learners except those with high prior knowledge fare better if they seek help more often. Of the three clusters that comprise students with lower prior knowledge-the unsuccessful rare users, the successful users, and the mediocre users-the ones with more frequent help use tended to have higher learning gains. This result is consistent with those of Wood and Wood in the QUADRATIC study presented above.
The results of Wood and Wood (1998) and Renkl (2002) on help seeking with ILEs correspond to the results of studies in which learners request help from teachers or peers. These studies show that lower achieving learners, who have less prior knowledge and therefore should need help the most, seem less capable of adaptive help-seeking behavior (e.g., Miyake & Norman, 1979; NelsonLe Gall, 1987; Nelson-Le Gall, Kratzer, Jones & DeCooke, 1990; Puustinen, 1998) . Puustinen (1998) examined the influence of age and academic achievement in mathematics on three self-regulation aspects of help-seeking activities: (a) awareness of help, (b) capacity to restrict help to what is necessary, and (c) ability to reuse help in analogous tasks. In this study, second and fourth graders had to solve logical reasoning tasks and then self-evaluate their performance on the tasks. During the process, they could ask an experimenter for help. Her results showed that academic performance had a strong effect: High achievers (determined according to the children's grades in mathematics) were better self-regulators in all three selfregulation aspects. High-achieving fourth graders were best at self-regulation.
In sum, the studies discussed above indicate that learners with lower prior knowledge-those who need help the most-are the least likely to use help appropriately when help is under students' control. This situation presents a challenge for the designers of ILEs, especially since, as we have seen, there are good reasons for placing help under student control. The second study by Wood (2001) seems to suggest that ILEs that adapt very flexibly to learners with low prior knowledgein other words, ILEs with a highly sensitive domain-contingent tutoring regime-make lesser demands on students' help-seeking skill. If Wood's result can be replicated in studies of a larger scale, this may be good news. Many intelligent tutoring systems already implement some form of individualized problem selection based on their assessment of the student's knowledge state. To the extent that they provide a wide enough range of instructional units, they may already have the property that learning results are not related to students' help-seeking skill. On the other hand, it seems reasonable to prefer a system that helps students become better help seekers, as discussed below.
In addition, it might be possible to compensate for low prior knowledge by affecting variables that mediate the relations between prior knowledge and help seeking. For example, in classroom practice, high interest can compensate for low prior knowledge (Dochy & Segers, 1997) . If it is possible to arouse interest in a domain, students may not only try harder to understand the domain, they might also try to use the help in a more adaptive way.
Prior knowledge of the learning environment. There is also strong evidence that prior knowledge about the learning system itself affects learning. For example, users' models of hypertext systems influence their information-seeking strategies and the appropriate use of links and tools (e.g., Bromme & Stahl, 1999 , 2002 Gray, 1990 Gray, , 1995 Stahl, 2001; Wallace, Kupperman, Krajcik, & Soloway, 2000) . Users often compare unfamiliar systems such as hypertext with more familiar media such as conventional books. They prefer those tools that most closely mimic the familiar media and avoid unfamiliar tools (Leventhal, Teasley, Instone, Rohlman, & Farhat, 1993) . Although little research is available about the influence of learners' prior knowledge of the system on their help-seeking behavior, it is plausible that users need to know about the help functions offered within an ILE before they can use them in an appropriate way. Hasebrock (1995) compared learners who worked for the first time in a hypertext system with learners who had experience using such a system. Only the experienced users were able to use the tools offered by the system (such as glossary, notepad, and content list) in an appropriate way. Further research should explore the hypothesis that students need a mental model of a help system and strategies for how to use it before they attempt to learn in a new learning environment.
Self-Regulation
In the following, we discuss empirical evidence that supports a view of help seeking as a self-regulatory skill. This issue has been studied primarily outside of the context of ILEs. Self-regulated learners are characterized by their control over learning processes and academic outcomes (Newman, 1998a) . This includes activities such as appropriate preparation and control of one's own learning process, knowing how to learn, evaluating outcomes, and maintaining motivation and concentration (Simons, 1992) . Self-regulated learners have useful learning strategies (Schunk, 1989; Thomas & Rohwer, 1986; Zimmerman, 1989; Zimmerman & Schunk, 1989) .
Help seeking can be defined as a strategy of self-regulated learning (Newman, 1998a) . Help seeking involves a sequence of steps, explicated in the Nelson-LeGall and Newman process model presented above, that require skills such as comprehension monitoring, formulation of the need for help, and evaluation of whether
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the help received actually solves the problem. Such skills are typically considered to be in the realm of self-regulation. The work of Puustinen (1998) mentioned above shows that adaptive help seeking is related to such self-regulatory skills.
Further evidence that help seeking can be defined as a self-regulatory skill is given by Nelson-LeGall et al. (1990) . They discussed how students' help seeking depends on their confidence in the answer they achieved (i.e., their own assessment of the need for help). They showed that objective item correctness did not account for as much variance in help-seeking rates as did self-assessment of performance. This type of assessment involves comprehension monitoring and can therefore be seen as a self-regulatory skill. Skills such as self-assessment of (future) performance might be a valuable factor to distinguish between adaptive and maladaptive help-seeking behavior.
It is an interesting and largely open question how self-regulatory skills and prior domain knowledge interact to affect learners' help-seeking behavior. As discussed, Wood (2001) found no relations between prior knowledge and the probability of help seeking when the system (DATA) selected problems adapted to learners' prior knowledge. He concluded that the previously observed relations between prior knowledge and help seeking were attributable to problem difficulty. This result seems to imply that within the given student population, differences in prior knowledge, mediated by subjective problem difficulty, had a far more pronounced effect on help seeking than differences in self-regulatory skill. More research is needed to study the relations between prior knowledge and self-regulatory skill.
In addition, it is an interesting open question how effective special training in help-seeking skills will be, administered perhaps prior to using an ILE. Generally, we cannot assume that learners will be able to become successful self-regulated learners without being trained to do so (e.g., Weinert & Schrader, 1997) . Some studies show success in training students in such metacognitive skills (e.g., Bielaczyc, Pirolli, & Brown, 1995) . If training in help-seeking skills turns out to improve help seeking, this will be an important practical result. It will also be important from a theoretical viewpoint, because it would establish a causal connection between selfregulation and help seeking. Rather than providing short introductory instruction in help seeking, it may be more effective to develop ways in which the system could monitor and evaluate students' help-seeking behavior and provide tutoring (Aleven, 2001; Luckin & Hammerton, 2002) , as discussed further below.
Age and Gender
Constitutional factors such as age and gender have an effect on help-seeking behavior. The relation between age and help seeking is simple: Help-seeking abilities improve with age (Newman & Schwager, 1995) . Adolescents, for example, show more appropriate help-seeking behavior than children because of improved metacognitive skills (e.g., Ryan & Pintrich, 1998) ; they are better able to monitor and reflect on their performance with increasing age.
The relation between gender and help-seeking behavior is more complex. Gender differences and their influence on learning processes and performance have been a popular topic in education policy over the years. Accordingly, there has been much research and many "analyses, re-analyses and meta-analyses" (Helmke & Weinert, 1997, p. 103 ). There exists a long controversy about the effects of gender on learning. At issue is whether there are inherent differences between the gen-ders in, for example, intelligence, spatial imagery, or verbal skills, or whether differences in learning outcomes can best be explained in terms of gender-specific attitudes, socialization, and interest (e.g., Hannover & Bettge, 1993) .
The relationship between help seeking and gender in social contexts has been examined extensively; within school contexts, boys are more likely than girls to avoid seeking help when they need it (e.g., Ryan, Gheen, & Midgley, 1998) . Also, pupils with an ability-focused orientation (especially the boys in this subgroup)-meaning that they are intent on showing that they are competent-request the least amount of help (Butler, 1998) . For such pupils, seeking help is thought to show incompetence. Newman and Goldin (1990) showed that gender differences depend on the domain: Girls in elementary school reported greater concern than boys that the teacher might think they were dumb when they asked for help in mathematics classes, but not reading classes. A possible reason for this might be seen in gender stereotyping of mathematics (Newman, 1998a) .
Concerning help seeking in technology-based learning environments, especially those focused on individual learning, we find considerably less research. Arroyo and colleagues (2001) investigated learning of fifth-grade students with different versions of an ILE called Animalwatch. As described above, they compared hints that were classified as highly interactive with low interactive ones. They found that girls performed better in solving mathematical problems with highly interactive feedback and that boys performed better with less interactive feedback (see also Arroyo et al., 2000) . In another study, the same authors found that boys spend significantly less time processing the system's feedback, offering a new answer sooner than girls do. The authors concluded that boys are less willing than girls to receive long periods of feedback. While the Arroyo studies focused on system-initiated feedback rather than on-demand help, it seems quite likely that the results apply as well to on-demand help.
These results indicate that help-seeking behavior is influenced by gender. Boys are less willing to seek and accept help from the system. It might be interesting to investigate whether students see help seeking as such as a masculine or a feminine activity . Further, gender differences in help seeking seem to be domain specific and therefore may depend on interest. We can conclude that we know much more about the relation between help seeking and gender in social contexts than in the context of ILEs.
An interesting direction for future research is to examine not only the relation between gender and help seeking as such but also the factors that may determine gender differences. As described above, gender can be interpreted as a variable that integrates different factors such as interest, attitudes, self-confidence, desire for independence, and so on (e.g., Hannover & Bettge, 1993) . It might be more productive to see gender as a moderating variable between such factors and helpseeking behavior than to see it as an independent variable. Results of such studies might make it easier to develop help systems that take into account gender-related individual differences.
Learner-Related Factors Not Yet Studied Within ILEs
In this section, we consider two more learner-related factors that have not been studied in the context of ILEs: students' goal orientation and their epistemological beliefs related to the domain of study. We consider these factors to be of major
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interest to the study of help seeking in ILEs. This judgment may to some extent be subjective, but it is informed by a study of the literature. The influence of students' goal orientation on help seeking and learning has been studied quite extensively outside the context of ILEs. Although there is a significant literature on the relation between students' epistemological beliefs and their learning outcomes, to our knowledge, no studies have specifically addressed the influence of students' epistemological beliefs on their help-seeking behavior, with or without ILEs. We argue that it is quite plausible that epistemological beliefs exert an important influence on help-seeking behavior and outline research questions aimed at better understanding this influence.
Goal Orientation
Whether students are willing to seek help depends on motivational factors such as their interest in the subject matter, their academic goal orientation, and their selfperception of abilities (Newman, 1998a; Ryan & Pintrich, 1997) . Motivational factors influence the ways in which students act within a learning setting. But the setting also has a reverse effect on motivation. For example, Schofield found increased motivation due to use of ILEs, namely Cognitive Tutors for geometry proofs and computer programming (Schofield, 1995; Schofield, Eurich-Fulcer, & Britt, 1994 ). An important motivational factor that is known to have an influence on help seeking is a student's goal orientation (Newman, 1998b) . We first show evidence that a student's goal orientation affects help-seeking behavior and then discuss how it might be affected by contextual factors of the learning situation.
A student's academic goals determine his or her orientation toward achievement (Arbreton, 1998) . Students with a more intrinsic orientation tend to focus on learning and understanding. They are interested in their work and in mastery. This learning goal orientation is assumed to lead to the use of more appropriate learning strategies such as monitoring comprehension and deep processing strategies such as relating new information to prior knowledge (Arbreton, 1998) . In contrast, students with a more extrinsic orientation tend to focus on performance and on showing their abilities. They are mainly interested in being seen as better than others, impressing their teachers, and getting good grades. This performance goal orientation is assumed to be related to more surface processing strategies (Arbreton, 1998) . There are other and more differentiated definitions of different kinds of goal orientations (e.g., Middleton & Midgley, 1997; Ryan, Pintrich, & Midgley, 2001 ), but we need not discuss them in order to illustrate the relation between help-seeking behavior and goal orientation. Ryan and Pintrich (1997) showed both direct and indirect effects of motivational variables such as achievement goals on help seeking. In this study, 203 students (seventh and eighth graders) completed a survey about motivational and attitudinal factors and their help-seeking strategies. The direct effect was that students who wanted to understand the subject matter (i.e., students with a learning orientation) reported being more likely to seek help. Students with performance goals, on the other hand, tended to report that they avoid seeking help. The indirect effect was that achievement goals influenced attitudes toward help seeking. Students with learning goals tended to see the benefits of help seeking, while students with performance goals were more likely to perceive help seeking as a threat to self-worth. Arbreton (1998) studied how students' goal orientation might influence the kind of help they request. She differentiated among learning goals, extrinsic goals (i.e., getting good grades), and relative-ability goals (i.e., demonstrating one's abilities compared to others). Also, she distinguished between instrumental help such as hints and executive help such as answers. She asked 384 fifth graders from 21 classrooms about their help-seeking behavior and measured their goal orientation with questionnaires. She found a significant correlation between goal orientation and help-seeking behavior: Students with learning goals reported that they asked more often for instrumental help, whereas students with extrinsic or relative-ability goals reported that they looked more for executive help.
It is plausible that help seeking in ILEs is affected by the learner's goal orientation in a similar way. For example, one would expect that students with performance goals would use help functions in an ILE to try to get the tasks done quickly without reflection or understanding. Such behavior was indeed reported by Aleven and Koedinger (2000) , as discussed above. Aleven and Koedinger did not assess achievement orientation, but this is worth doing. Even without changing students' achievement orientation, ILEs may have a positive influence on help seeking, as compared to other environments. For example, ILEs offer the possibility of searching for help in a more anonymous way than is possible in the usual classroom situation. This greater anonymity might have a significant positive influence on help seeking, especially for students who tend to avoid seeking help because they fear demonstrating inability in front of others. Schofield (1995, p. 52) reports that students using an ILE are less concerned about such embarrassment. Therefore, learning with an ILE might help to overcome or at least reduce the effects of a strong ability-focused orientation.
The motivational characteristics of the classroom also play a role in shaping students' help-seeking behavior. For example, students' (self-reported) avoidance of help seeking is related to their perceptions of the classroom goal orientation, as shown by in a survey study involving 516 fifth graders from 63 mathematics classrooms. Students who perceived the classroom goal as task focused (i.e., as learning oriented) reported lower levels of avoidance. On the other hand, students who perceived the classroom as focusing on relative ability (i.e., as performance oriented) reported higher levels of avoidance.
While Ryan et al.'s (1998) study leaves open the possibility that the students' perception of the classroom goal orientation merely reflected their own personal goal orientation, a study by Newman (1998b) suggests an independent impact of contextual (or classroom) goals on students' help-seeking behavior. He examined the relationships among personal goal orientations, contextual goals, and helpseeking behavior. The contextual goals were experimentally induced goals that were used to simulate classroom goals. A total of 78 fourth-and fifth-grade students were asked to solve mathematics puzzles. Some students were told that doing these puzzles would greatly help them improve their skill in mathematics (learning goal). Other students were told that the experimenter wanted to assess how smart they were in mathematics and how they compared to other children (performance goal). The results showed that when both contextual and personal goals emphasized performance, students were most reluctant to seek help. For students with personal performance goals, contextual learning goals helped them to overcome their personal tendencies, resulting in more help seeking. In a study with a similar design, Newman and Schwager (1995) examined the relation between help seeking and contextual goals. They also found that students (118 students in Grades 3 to 6) with contextual performance goals showed more maladaptive help seeking.
Although these results were obtained outside the context of ILEs, they certainly suggest that students working with ILEs in learning-oriented classrooms may make more effective use of the system's help facilities than students in performanceoriented classrooms. Further, it may be beneficial to give students a contextual learning goal orientation. Students with performance orientations would be expected to profit most from these kinds of instructions. It does not appear likely, however, that simple manipulations such as those used in the studies discussed above will be very effective in inducing a permanent learning orientation in actual classroom settings. Much may depend on the teacher. Creating a classroom culture focused on learning may be one of the greatest challenges that teachers face. The use of ILEs may have some advantages in this regard. In training sessions related to the use of the ILE in their classrooms, teachers could be encouraged to emphasize to their students that the ILE is a tool meant to foster learning. Further, some "symptoms" of a performance orientation may be readily observable when students work with an ILE, such as students' focusing on hints that give answers rather than explanations. Perhaps teachers could be encouraged to be alert for such symptoms and, when they observe them, to explain and demonstrate a more productive way of using help to their students. In addition, some success may be had by thinking carefully about the kinds of help functions that should be offered to the learner. For example, perhaps ILEs should not offer help that gives away answers, as a way of communicating (albeit implicitly) to students that a performance orientation might not be helpful. Such measures are not likely to result in a radical shift in students' performance orientation, especially in classes where such an orientation is dominant, but perhaps small changes may lead to better help seeking.
Epistemological Beliefs
There is growing evidence that learning processes and outcomes are strongly influenced by the epistemological beliefs of learners and their teachers. As mentioned, we are not aware of any studies showing that these beliefs might influence students' help-seeking behavior. We discuss why it is plausible that they do. We give a short introduction to the research area of epistemological beliefs before we discuss possible effects on help seeking. A number of detailed overviews about research on epistemological beliefs provide further information (Buehl & Alexander, 2001; Duell & Schommer-Aikins, 2001; Hofer, 2001; Hofer & Pintrich, 1997) .
Epistemological beliefs are beliefs about the nature of knowledge. Theories changed over time from the assumption that epistemological beliefs are unidimensional (e.g., Ryan, 1984) to the assumption that these beliefs are multidimensional (Elby & Hammer, 2001; Hofer & Pintrich, 1997; Schommer, Calvert, Gariglietti, & Bajaj, 1997) . Depending upon the theory, epistemological beliefs include beliefs about the structure and stability of knowledge, about sources and justification of knowledge (e.g., Hofer, 2001) , about learning and abilities (e.g., Schommer, 1990) , or about the relation of knowledge and beliefs (e.g., Souterland, Sinatra, & Matthews, 2001) . It is generally assumed that epistemological beliefs change during educational processes from more naive views (e.g., knowledge is absolute, knowledge is an accumulation of facts) to more sophisticated beliefs (e.g., knowledge is relative and contextual, knowledge is a complex network). Further, it is widely believed that a more sophisticated belief system has positive effects on learning processes (for a critique of this view, see Elby & Hammer, 2001) .
There is growing empirical evidence that learners' epistemological beliefs have an influence on their processing and interpretation of information and their comprehension monitoring (Schommer, 1990; Schommer, Crouse, & Rhodes, 1992) , on academic performance (Schommer, 1993) , on conceptual change learning (Qian & Alvermann, 1995) , and on cognitive processes (Kardash & Howell, 2000) . Therefore, one of the goals of education should be to help students develop more sophisticated beliefs.
Only a few studies exist on the effects of epistemological beliefs during learning with new technologies. Concerning learning with hypertext, Jacobson and Spiro (1995) , as well as Jacobson, Maouri, Mishra, and Kolar (1996) , found that learners with more sophisticated epistemological beliefs were better able to learn and apply their knowledge after using a complex hypertext system than students with simpler epistemological beliefs. Jacobson et al. (1996) asked 69 students (17 to 19 years) to read a hypertext about effects of technology on society. They were asked to complete short answer tests on factual information contained in the hypertexts and had to write problem-solving essays. Epistemological beliefs were measured with the EBP (epistemological beliefs and preferences instrument; Jacobson & Jehng, 1999) . Learners with more sophisticated epistemological beliefs showed better results in knowledge transfer, measured with the problem essays. Macneal (2001) reported a relationship between learning activities in a complex hypertext system and epistemological beliefs. Concerning learning with other new media, Windschitl and Andre (1998) found interesting effects of epistemological beliefs on learning with computer simulations of the human cardiovascular system, in an experiment involving 250 university students. Learning outcomes were measured with a pretest-posttest design using multiple-choice tests focusing on common misconceptions concerning the topic. Students with more sophisticated beliefs learned more with constructivist simulations that allowed them to create and test hypotheses on their own, while students with less sophisticated epistemological beliefs learned more with confirmative simulations that guided them through the information. There is also evidence that epistemological beliefs influence how students access information on the Internet and how they evaluate what they find (Hofer, 2001; Wallace et al., 2000) .
Empirical evidence exists of mutual influences between epistemological beliefs and learning processes in traditional as well as technology-based learning environments. Epistemological beliefs might influence the standards and goals that determine students' learning strategies (Schommer et al., 1992) and their engagement in learning (Hofer & Pintrich, 1997) .
The relation between help seeking and epistemological beliefs appears not to have been examined in prior research. But it is likely that epistemological beliefs influence help-seeking activities as a part of learning strategies. For example, students with simpler beliefs might overestimate their understanding of information (see Schommer, 1990; Schommer et al., 1992) . Thus, their epistemological beliefs might influence students' awareness of whether they need help, their engagement in help-seeking activities, and their interpretation of the value of the help offered. Epistemological beliefs may influence the type of help that students seek when working with an ILE. For example, students' preoccupation with the bottom-out hints in the Geometry Cognitive Tutor, discussed above, might at least in part be a result of students having an impoverished epistemological view of mathematical inquiry-they may think that mathematics is about getting answers, not about proof or logical deduction.
When designing an ILE, it might be useful to think about the epistemology inherent in the subject matter content of the system. At least early on in the learning process, this epistemology needs to be aligned with the epistemological beliefs of the learners. Further, it may be useful if the system is designed to help students develop more sophisticated domain-specific epistemological beliefs. Exactly how that can be achieved is unclear at this point. At minimum, it seems, the system should make explicit the domain-specific epistemological beliefs of experts. Students' improved epistemological beliefs might help them use the help functions of an ILE in a more appropriate way. Depending on the epistemological beliefs of individual learners, different features of help may be appropriate. In short, the influence on help seeking of students' epistemological beliefs promises to be an interesting and important area of research.
Conclusions and Future Research
We have argued that help seeking in ILEs is an interesting field of research with important educational implications. Our review of the literature indicates that a number of interesting results have been found. As can be expected in a young research field, there are also many open questions. In this section, we present six conclusions based on our review of the existing literature and discuss the most promising trajectories for future research.
Different instructional goals result in different types of ILEs whose help systems provide different types of information.
Researchers who have looked at the role of on-demand help in ILEs from different theoretical perspectives provide a number of reasons why such systems should give help primarily at the student's request. The system may not know enough about the nature of the student's difficulties to volunteer appropriate help (Anderson, 1993) , in part because it does not have access to visual or verbal cues that experienced human tutors take advantage of (Wood & Wood, 1999) . Further, when students control the timing of help provided by the system, there is a greater likelihood that the help messages are received at the right time to be maximally useful for knowledge construction (Renkl, 2002) . Both Anderson and Wood and Wood have stressed that providing help on demand may well be an imperfect solution, due in part to limitations of the technology but due mainly to the fact that it is not possible (fortunately!) for humans or machines to know everything about a student's cognitive state at any point in time.
Different types of ILEs are rooted in different theoretical perspectives on learning and /or instruction and hence aim at fostering different teaching and learning processes. Consequently, the help systems in these different ILEs may have different tasks assigned to them. As an illustration, consider two groups of instructional approaches dominating theory-based design in recent times, the cognitive approach and the situated learning approach (Wilson & Myers, 2000) .
These approaches determine to a large degree the role of the learner as well as the role of technology and, therefore, the role of an additional help system (Bransford, Brown, & Cocking, 2000) . They imply fundamentally different roles of the help system. Approaches based on cognitive models of learning, such as the Cognitive Tutor technology described in earlier sections (e.g., Anderson et al., 1995) , are aimed at giving the learner information and feedback at just the right point in time during the learning process (usually, learning by doing). ILEs built according to this approach use a cognitive model of the learner to assess the learner's knowledge or skill level and to select individualized instructional trajectories to help the learner acquire new skills and knowledge. From this perspective, suboptimal help may be due to an incorrect diagnosis of the learner's knowledge state or to inadequate selection of the trajectory of follow-up instruction. Providing help may mean (a) accurately defining the knowledge base to be acquired by the learner, for example in terms of production rules; (b) defining possible or frequently occurring incorrect models or misconceptions of the content to be learned; (c) finding appropriate ways to diagnose these misconceptions in the learning process; and (d) identifying specific instructional interventions that guide the learner from the misconception to the scientifically correct model.
On the other hand, instructional approaches based on situated learning and constructivist ideas emphasize the learners' engagement in open-ended activities with authentic learning material (e.g., Cognition and Technology Group at Vanderbilt, 1997) and therefore imply other kinds of help systems. Here the role of the ILE is not to diagnose cognitive states and provide specific tasks together with feedback, as in the cognitive approaches described above. Rather, the main role of the ILE is to provide authentic contexts that the learner can explore, for example, presentations and simulations of real or near-to-real cases or phenomena of the domain under consideration. To do so, learners are supposed to use different tools that reflect important domain strategies and concepts. An additional help system might have the function of linking and referring to background knowledge required to deal with the case or exploring the phenomenon (e.g., in textbooks, in lecture manuscripts, or on Web sites outside of the ILE per se). From this perspective, providing information and strategies that support learners engaged in an authentic task might be regarded as adequate help. There is some research on how to provide additional information and strategies in problem-oriented learning environments, suggesting for example that presenting an audiotaped or graphically represented teaching expert solution may improve help-seeking strategies (e.g., Mandl et al., 2000) .
2. Learners often use help systems ineffectively or ignore them altogether. However, when they do use help, learning processes and outcomes may be substantially improved. The main empirical findings on help seeking presented in the literature show that help facilities of ILEs often are ignored or used in ways that are not conducive to learning. Ineffective help use seems to occur independent of the instructional goal pursued with the help system. In other words, cognitive approaches as well as more situated approaches are struggling with this phenomenon. Moreover, the problem is not restricted to ILEs. Inadequate help-seeking behavior seems quite widespread in all kinds of learning environments, including, for example, classrooms.
There is also evidence, however, that help systems and help seeking can be effective and can have a positive influence on learning with an ILE. First, a few studies have demonstrated a causal connection between providing on-demand help and better learning outcomes. For example, Renkl (2002) showed that adding ondemand help to an ILE leads to better transfer performance. Second, a number of studies have shown a positive correlation between help seeking and learning in ILEs, often for learners with lower prior knowledge (Renkl, 2002; Shute & Gluck, 1996; Wood, 2001; Wood & Wood, 1999) . These positive correlations suggest that providing on-demand help in an ILE leads to better learning, even if they do not definitively establish a causal relation. Third, studies that show that varying the type of on-demand help leads to different learning outcomes (e.g., Dutke & Reimer, 2000) also indicate that on-demand help influences learning, although they do not show that it causes improved learning. All in all, these studies strongly suggest that on-demand help can be a positive influence on learning. However, much is still to be learned about when and under what circumstances on-demand help is most likely to be useful.
In particular, the correlation between help-seeking behavior and learning outcomes is complicated. A positive correlation would be expected when students are more likely to underuse help than to overuse it, which seems to happen frequently (see, e.g., Aleven & Koedinger, 2000; Wood, 2001) . A negative correlation does not necessarily imply that the system-provided help is dysfunctional (e.g., distracts learners, requires too much time to process by the learner, or tramples learning opportunities by readily providing answers). It may mean instead that the less able learners are using the help functions most frequently (although the opposite phenomenon was reported by Wood & Wood, 1999) . Similarly, a low correlation does not necessarily indicate that there is no relationship at all, just that the relation is not linear. For example, if some learners are overusing help (i.e., relying on help even when a problem or step is within their independent capability), the result might be the absence of a correlation. Further, the heuristic that learners with low cognitive learning prerequisites will benefit more from help than high prerequisite learners also seems to be too simple to explain the relationship. Recent studies (e.g., Renkl, 2002) indicate that there are different types of learners with different profiles of help-seeking activities. These types may be described best using more than one dimension of learner characteristics.
In terms of future research, more studies are needed to establish under what circumstances a causal connection exists between the provision of on-demand help and better learning outcomes. Further, more research is needed to establish when one might expect to see a positive correlation between help seeking and learning.
One way to address the problem of inadequate help use is to design systems so that they are able to detect obvious instances of help underuse or overuse and volunteer or withhold help accordingly. Although the various proponents of theoretical frameworks for help use have stressed that it is difficult for the system to know enough about the nature of the learner's difficulties, more can be done. For example, certain strong patterns of ineffective help use are relatively easy to detect, such as students' frequent use of bottom-out hints in the Geometry Cognitive Tutor (Aleven & Koedinger, 2000) . In such instances, the ILE could withhold the bottom-out hint, at least when the system is used in a classroom and a teacher is present to help students who get stuck. Also, it seems straightforward to detect certain instances of help underuse that are likely to be detrimental to learning (see also Wood, 2001) , for example, when students make multiple errors on a step. In such instances, the ILE could volunteer help. More generally, it is a good idea to try to find a better balance between system-initiated help and feedback and studentinitiated help. The study by Luckin and du Boulay (1999) was in part an attempt at figuring out where this balance should reside. As this study made clear, the balance may well be different for different kinds of students.
However, in general it may be difficult to say exactly when unusually frequent help use indicates that the student may not be learning. Wood and Wood (1999) describe an example of a student who used help much more than seemed appropriate yet ended up with large learning gains. Thus, in general, it may be very difficult to come up with good criteria for when an ILE should withhold help. Also, withholding help may be unacceptable to learners or at least frustrating, as reported by du Boulay, Luckin, and del Soldato (1999) .
The use of new technologies such as eye tracking and natural language processing may eventually enable systems to strike a better balance between studentcontrolled and system-controlled help. These technologies may provide more information from which the system can infer what the student's difficulties are. For example, the use of eye tracking in a Cognitive Tutor can help in disambiguating student strategies and even predict errors before students make them (Gluck, Anderson, & Douglas, 2000) . Also, many researchers are involved in developing tutorial dialogue systems (Aleven, Popescu, & Koedinger, 2002; Evens et al., 2001; Graesser, VanLehn, Rose, Jordan, & Harter, 2001) , capitalizing on the advancement of natural language and dialogue management technologies. In many domains, it is useful to study the pedagogical content knowledge (Shulman, 1986b) of experienced human tutors, who often have good strategies to communicate difficult concepts to students. Tutorial dialogue systems are an attempt to implement some of these strategies (Heffernan & Koedinger, 2002) , and they will possibly be better able than current ILEs to adapt to students' prior knowledge and to volunteer help at appropriate times. How well they can be made to work, however, and whether they work best for all students are still largely open questions.
A variety of learner characteristics influence help seeking, individually or in combination.
A number of studies of help seeking both with ILEs and in other contexts show that prior knowledge is an important factor influencing students' helpseeking behavior. Generally, students with lower prior knowledge seek help less effectively (Puustinen 1998; Renkl, 2002; Wood & Wood, 1999 ). An unfortunate consequence of this finding is that if ILEs provide help only at the student's request, those students who need help the most are the least likely to receive it in time.
There also seems to be a relation between help seeking and self-regulatory skills such as self-assessment. The theoretical argument in support of this relation is quite strong. There is empirical evidence as well (Nelson-Le Gall et al., 1990) . On the other hand, Wood (2001) found that when the difficulty of problems is adjusted to the students' prior knowledge, students with lower prior knowledge do not exhibit less appropriate help-seeking behavior than students with higher prior knowledge. Therefore, he concluded, differences in metacognition are not likely to account for other studies' finding of a lower tendency to seek help among students with lower attainment.
Moreover, poor help seeking has much to do with motivational factors: Students often are oriented toward performance rather than toward learning. That is, they may be inclined to focus on finishing problems quickly and not be concerned with gaining an understanding of the task domain. This performance orientation leads to an overuse of executive help (i.e., help focused on getting the right solution quickly). In classroom situations, a performance orientation also seems to lead to an avoidance of help seeking (so as to avoid the embarrassment of having to ask for help); in ILEs, however, one would expect that this danger is less acute, since help is more anonymous.
We have argued that learners' epistemological beliefs are likely to be an important influence on their help-seeking behavior. Evaluating the impact of this factor appears to be a promising area for future research. Further, the impact of students' achievement orientation on help seeking with ILEs has not been studied as of yet.
It is an interesting open question to what extent it will be possible to improve students' help-seeking skills by means of dedicated instruction. One might provide initial instruction prior to the use of an ILE or even between sessions with the ILE, for example, by discussing (videotaped) examples of good and bad help-seeking behavior with the ILE. A more effective approach may be to develop an ILE that helps students to become better help seekers. Aleven and Koedinger (2000, 2001) propose equipping a Cognitive Tutor with a model (implemented as production rules) of desired help-seeking behavior, to enable the system to follow students' help-seeking behavior and provide guidance on help seeking. This approach goes beyond the approach described above, in which the system volunteers or withholds help at appropriate times, in that the system now is capable of demonstrating appropriate help-seeking behavior. Luckin and Hammerton (2002) are pursuing similar ideas in developing an ILE capable of "metacognitive scaffolding." This line of research may also cast some light on the question of to what extent help-seeking behavior is a function of self-regulatory skills and to what extent it is determined by prior knowledge.
4. Different types of help may cause different types of help-seeking activities and result in different learning outcomes. The literature discussed in this article identifies many system-related factors that may influence the effectiveness of learners' help-seeking behavior. Some of these factors have been shown to influence the learning outcomes of ILE users, such as whether help is function oriented or operative (Dutke & Reimer, 2000) , whether it is principle oriented (Renkl, 2002) , or whether system feedback includes information about problem-solving goals (McKendree, 1990) . Other system-related factors, such as the level of abstractness and the degree of interactivity of system feedback, interact with characteristics of the learner in their influence on learning results (Arroyo et al., 2000 (Arroyo et al., , 2001 . Still other factors, such as whether the help is context sensitive, whether it might impose too much cognitive load, the length of the help sequences and of the help messages, the use of different types of representations (e.g., verbal/graphical), and whether the system or student controls the level of help, have not yet been investigated systematically.
It appears, however, that many help systems are still being designed without much guidance from this empirical work or from psychological theory. What is needed is a broader base of empirical results that will guide the construction of adequate theories that address the observed aptitude-treatment interactions and will help in formulating design principles upon which the developers of help systems can draw. Context sensitivity-this factor is interesting especially since it relates to crucial differences between two technologies for developing ILEs, namely CAI and ITSs. For example, to what extent is the context-sensitive help offered by ITSs worth the extra development costs of these systems, as compared to CAI systems? Cognitive load-in particular, to investigate the effectiveness of help systems that minimize cognitive load, possibly at the expense of other seemingly desirable characteristics of good help. Whether the learner controls the level of help-this factor is interesting since the different theoretical frameworks take different points of view on this issue. Whether the learner should be able to freely access help or whether there should be some kind of cost associated with help. The value of specialized domain-specific representations. The study of Gräsel et al. (2001) can be regarded as a pilot study in this context. The psychological quality of text and multimedia information in help systems.
Good starting points may be the theoretical concepts provided by Kintsch (1998) on discourse comprehension and Mayer (2000) on the processing of multimedia information.
As Arroyo et al. (2001) point out, the space of possible experiments studying the effects of different help characteristics on different categories of learners is vast. One approach to alleviate this problem may be to instrument ILEs to do within-subjects experiments, where the type of help is varied across students and skills (but kept constant for any particular pairing of student and skill). This type of experiment fits well within the architecture of ILEs that have an explicit representation of the skills targeted in the instruction.
5. Design-and learner-related factors interact in their effect on help seeking and learning. A number of studies provide evidence that, as far as the design of help systems is concerned, "one size fits all" is not likely to be a good strategy. Different types of learners seem to need different types of help. For example, abstractness of help has been shown to interact with cognitive development: Learners with higher cognitive development learn better when receiving abstract hints, and learners with low cognitive development benefit most from concrete hints (Arroyo et al., 2000) . Moreover, high ability learners have been shown to learn better with help systems providing low guidance, whereas help systems with higher guidance seem to be useful for most other learners (Luckin & du Boulay, 1999) . However, as we are still far away from a systematic approach to either design characteristics or learner characteristics, we are even further away from a systematic approach to analyzing the interactions between them.
6. Depending on the learning context, the same type of help may trigger different help-seeking behavior, which in turn is related to different effects on learning outcomes. The literature suggests that classroom goals, as important parts of the culture of learning, exert considerable influence on students' help-seeking activities. This factor thus adds an additional layer of complexity to the (already complex) set of relationships among learner-related factors, system-related factors, instructional approach, and help-seeking activities. We are led to shift emphasis from the question of what kind of help is effective for learning to the question of which type of help is helpful in which context and for whom. This question clearly calls for higher complexity in theory building as well as in empirical research paradigms (Fischer, Bouillion, Mandl, & Gomez, in press ). Most of the approaches to help design and help seeking reviewed in this article have not explicitly described the process of contextual implementation of the ILE. A specific help system may be described as helpful or unhelpful without paying attention to the specific physical, social, and institutional context in which it is placed. It could make a difference, for example, whether each learner has individual access to the help system or computers are shared among a group of students. Similarly, one can expect to see differences in help system use depending on the "institutional vision" of technology's role in instruction within a given school or university.
In terms of future research, the main questions concerning help design are as follows: How is a given help system used in different contexts (laboratory, classroom, at home, etc.) ? To what extent do specific help-seeking activities in ILEs generalize across increasingly inclusive contexts (classroom, school, school district, etc.)? And, maybe most important, if there is no generalization across different contexts, what are the reasons for that? Answers to these questions can make a major contribution to the understanding of help-seeking activities.
There are several ways in which these questions could be addressed. For example, test bed design (Gomez, Fishman, & Pea, 1998 ) is a methodology intended to compare effects of ILEs at different levels of the context. The basic idea is to implement the system in test beds of different sizes (classroom, multiple classrooms in one school, many schools of the same district, schools of different districts, etc.) and to analyze any differences in effects. Further, an approach focusing on theory-guided experimental laboratory research and its interplay with practice is the integrative research paradigm described by Stark and Mandl (2001) . This approach prescribes a systematic "bouncing strategy" between field studies (carried out, for example, in actual classrooms) and laboratory research with the goal of improving both theory and practice. This kind of combined research strategy may improve our knowledge about help seeking and at the same time improve the practice of help design and use.
To conclude, even though the literature on help seeking in ILEs is still quite small, it provides important insights into the effects of various system characteristics, student behaviors, student characteristics, and the interactions among these factors. In addition, there are important links to the literature on help seeking in other arenas as well as to psychological research on cognition, motivation, and instruction. Bringing all of these factors together in a comprehensive program of theory building and empirical research is a challenging task, but one that is filled with possibilities for important research. Not only will this research lead to a deeper understanding of help design and help seeking in ILEs, it will likely spur improvements in educational practice. It will help to make ILEs more effective, not just in fostering domain-specific skills and knowledge but quite possibly also in helping students become more skilled at seeking help judiciously. Help-seeking skills are likely to be instrumental when learners face new learning goals, as many people do continuously in today's society.
